Purpose: To examine whether meeting sleep guidelines (7-9 hours/night) is associated with better health-related quality of life (HRQOL) and reduced all-cause mortality risk.
Purpose
The primary purpose of this applied research brief was to examine the association between meeting sleep guidelines (ie, 7-9 hours/night) and all-cause mortality risk among a nationally representative sample of adults from the (after the year 1999) National Health and Nutrition Examination Survey (NHANES). Other studies have demonstrated protective effects of optimal nightly sleep on mortality, 1,2 but to our knowledge, only 1 US-based nationally representative study 3 has examined this topic; this study utilized data from an earlier NHANES (ie, prior to 1999). Thus, the generalizability of the relationship between sleep and mortality among adults in the United States is limited. A secondary objective was to examine the association between meeting sleep guidelines and healthrelated quality of life (HRQOL). We hypothesize that adults meeting sleep guidelines will have a reduced risk of premature all-cause mortality and optimal sleep will be favorably associated with HRQOL. This observation would be in alignment with other non-NHANES studies. [4] [5] [6] If our findings are in accordance with these hypotheses, then this would suggest that optimal sleep may help to facilitate HRQOL and in turn this may have survival benefits.
Methods

Data Source and Participants
The NHANES is an ongoing survey conducted by the Centers for Disease Control and Prevention (CDC) that uses a representative sample of noninstitutionalized US civilians selected by a complex, multistage, stratified, clustered probability design. The multistage design consists of 4 stages, including the identification of counties, segments (city blocks), random selection of households within the segments, and random selection of individuals within the households.
Data from the 2005 to 2010 NHANES were utilized. Participants in this study were followed through December 31, 2011. Thus, a prospective cohort study design was used to evaluate the associations of sleep, HRQOL, and mortality. The number of individuals deceased during the follow-up period was calculated by comparing the participant's personal identification information with the National Center for Health Statistics' National Death Index. Written informed consent was obtained from all participants.
Assessment of Sleep
Participants were asked, ''How much sleep do you usually get at night on weekdays or workdays?'' with hours slept per night categorized here as 7 to 9 or other. Notably, a modest (r ¼ .47) correlation has been observed between self-report and objectively determined sleep duration. 7 
Measurement of HRQOL
The CDC HRQOL measure was assessed from 4 questions, including 1 question about self-rated health status and 3 about the number of unhealthy days during the past 30 days [8] [9] [10] [11] [12] :
1. Would you say that in general your health is excellent, very good, good, fair, or poor? 2. Now thinking about your physical health, which includes physical illness and injury, how many days during the past 30 days was your physical health not good? 3. Now thinking about your mental health, which includes stress, depression, and problems with emotions, how many days during the past 30 days was your mental health not good? 4. During the past 30 days, approximately how many days did poor physical or mental health keep you from doing usual activities, such as self-care, work, or recreation?''
The 4 CDC HRQOL items were categorized according to CDC's recommendations, which included question 1 dichotomized as good/excellent health (coded as 0) or poor/fair health (coded as 1). The latter 3 items were dichotomized as 14 or more days (coded as 1) and less than 14 days (coded as 0).
Thus, the recoded 4 HRQOL items ranged from 0 to 1. An overall HRQOL score was created by summing the responses from each of the 4 individual items (range: 0-4), with higher HRQOL scores indicating worse quality of life. The HRQOL-4 that we used was developed by the CDC and has undergone extensive reliability and validity testing and has demonstrated adequate psychometric properties. [8] [9] [10] [11] [12] Covariates Based on previous research demonstrating an association with sleep, HRQOL, and mortality, 4,13 various covariates were included. These covariates included demographic, psychological (eg, depression), chronic diseases (eg, diabetes), behavioral (eg, physical activity), and cardiovascular biomarkers (eg, mean platelet volume, white blood cells), all known to associate with sleep. Covariates included age (years; continuous), 14 gender, 14 race-ethnicity (Mexican American, non-Hispanic white, non-Hispanic black, and other), 14 measured body mass index (kg/m2; continuous), 15 education (<ninth grade, 9-11, high school, some college, college or more), 14 cotinine (ng/mL; continuous), 16 white blood cells (1000 cells/mL; continuous), 17 iron (mg/dL; continuous), 18 physician diagnosis of diabetes (yes/no), 19 physician diagnosis of coronary artery disease (yes/no), 20 measured mean arterial pressure (mm Hg; continuous), 20 self-report engagement in moderate-to-vigorous physical activity in the past 30 days (yes/no), 21 mean platelet volume (fL; continuous), 22 red blood cell distribution width (%; continuous), 13 and Patient Health Questionnaire-9 (PHQ-9) determined moderate or greater (PHQ-9 score !10) depression symptomology. 23 Details on the assessment of these covariates are reported elsewhere. 13 
Statistical Analyses
Analyses were performed using Stata (version 12.0) and accounted for the complex survey design used in the NHANES. A weighted multivariable Cox proportional hazard model was used to examine the association of meeting sleep guidelines and all-cause mortality, with a weighted multivariable ordinal logistic regression used when HRQOL was the outcome variable. The Harrell's C concordance statistic for this Cox model was 0.85 and the test of proportional hazards assumption was not violated (global w 2 test ¼ 20.3, P ¼ .32).
Results
Among the 13 423 participants ( In the fully adjusted model (HR fulladjustment ¼ 0.81), when HRQOL was added as a covariate to this model, meeting sleep guidelines was no longer statistically significant (HR fulladjustmentþhrqol ¼ 0.84; 95% CI: 0.69-1.02; P ¼ .08), suggesting that HRQOL may partially mediate the relationship between sleep and all-cause mortality risk. Notably, examining cause-specific mortality associations was not possible due to cell size considerations (eg, only 104 adults died of cardiovascular disease).
With regard to the direct association of meeting sleep guidelines and HRQOL, after full adjustment, those meeting sleep guidelines (vs not) had better HRQOL (b fulladjustment ¼ À0.33; 95% CI: À0.42 to À0.24; P < 0.001). Results were similar in an unadjusted model (b ¼ À0.58; 95% CI: À0.65 to À0.51; P < .001) as well as in a minimally adjusted model controlling for age, gender, race-ethnicity, and education (b partadjustment ¼ À0.55; 95% CI: À0.62 to À0.47; P < .001).
Discussion
Summary
Meeting sleep guidelines was associated with better HRQOL and reduced risk of all-cause mortality. In regard to findings from previous literature, meta-analyses suggest that suboptimal levels of sleep (<7 hours/night and >9 hours/night) are associated with increased risk of all-cause mortality. 24, 25 Short sleepers are at higher risk of premature all-cause mortality with associated risks of heart disease and diabetes. Conversely, the epidemiologic evidence suggests that habitual sleep of more than 9 hours/night is associated with an increased risk of disease and death compared with individuals meeting sleep guidelines. 24, 25 Optimal levels of sleep may prove to have survival benefits and reduce the risk of all-cause mortality while in turn providing better HRQOL. Findings from this brief study are consistent with previous literature in that those meeting sleep guidelines had a reduced risk of all-cause mortality and had better perceived HRQOL.
Limitations
Strengths of this investigation include the national sample and prospective association between sleep and mortality. Limitations, however, include the self-report assessment of sleep and relatively short follow-up period. An additional limitation is that the association between sleep and HRQOL was limited to a cross-sectional assessment as HRQOL (unlike mortality status) was not assessed at follow-up. Further limitations include the limited assessment of sleep, in that various sleep quality parameters were not evaluated and changes in sleep patterns and sleep quality were not investigated.
Significance
These findings suggest that, independent of behavioral, demographic, and biological parameters, meeting sleep guidelines SO WHAT? What is already known on this topic?
Research demonstrates that, in several populations, meeting sleep guidelines is associated with reduced allcause mortality risk. Research also demonstrates a favorable association between meeting sleep guidelines with greater perceived health (eg, HRQOL).
What does this article add?
We confirm these findings in a national sample of US adults and also examine the interrelationships between sleep, HRQOL, and all-cause mortality.
What are the implications for health promotion practice or research?
Promotion of adequate sleep is warranted by health professionals, and researchers are encouraged to conduct studies to confirm whether indeed HRQOL mediates the relationship between sleep and all-cause mortality. 
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